In this paper, a new fuzzy group decision making (FGDM) model based on  -level sets, is proposed to generate, more accurate fuzzy using, risk priority numbers (RPNs) and ensure to be robust against the uncertainty. This model allows decision makers (DMs) to evaluate FMEA risk factors using linguistic terms rather than precise numerical values, allows them to express their opinions independently. A case study is investigated using the proposed model to illustrate its applications in RPN assessment.
RPN as the weighted sum of six parameters (safety, machine importance for the process, maintenance costs, failure frequency, downtime length and operating conditions) multiplied by a seventh factor (machine access difficulty), where the relative importance of the six attributes was estimated using pairwise comparisons. So far numerous fuzzy methods have been proposed for raking risk factors in FMEA [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Generally, evaluators can use fuzzy concepts to express linguistic terms by real-life, everyday language in order to evaluate risk factors for each one of failure modes. Connecting these terms to appropriate membership functions, better and precise analysis are determined for item scores. With these considerations, this study aims to present a simple model on the basis of fuzzy logic. Furthermore, two other gaps must be deeply considered in the evaluation of risk factors and the final ranking of failure modes using fuzzy RPNs.
1. FMEA is generally performed by a cross-functional team, which requires decision makers (DMs) from different fields [14] . Considering their personal backgrounds, preferences and different understanding levels to the failure modes, DMs may use different linguistic term sets to express their own judgments on evaluating O, S, D, and importance weights of the three factors [15] . These multi-granularity linguistic assessments must be aggregated for reaching a better group consensus.
2. The mathematical expressions adopted for calculating the fuzzy RPNs is strongly sensitive to variations in the evaluating process, which cannot ensure the ranking results to be robust against the uncertain environment [16] .
In this study, a new fuzzy TOPSIS model based on  -level sets is proposed for FMEA under uncertainty. Average risk factors and the  -level sets of the above averaged ratings and the weights are fuzzy numbers. The relative importance weights of O, S and D are also considered in the programming model. As a result, several failures having an identical value of RPN that derives from different combinations of O, S and D can be easily discriminated. The paper is arranged as follows. The preliminaries are described in Section 2. Section 3 proposes a new model for evaluating and ranking the failure modes with use fuzzy TOPSIS method based on  -level sets.
In Section 4, an application is used to illustrate the proposed model. Conclusions are then presented in Section 5.
Preliminaries
Let X be the universe of discourse. A fuzzy set A of the universe of discourse X is said to be normal if there exists a 
According to Zadeh's extension principle (Zadeh, 1965) , the fuzzy set A can be expressed as , 0 1 AA
Fuzzy numbers are special cases of fuzzy sets that are both convex and normal. A fuzzy number is a convex fuzzy set, characterized by a given interval of real numbers, each with a grade of membership between 0 and 1. Its membership function is piecewise continuous and satisfies the following conditions: http://www.ispacs.com/journals/jsca/2013/jsca-00016/
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Subtraction:
Multiplication:
Division: 
In 
where 0 () xA is the defuzzified value.
The fuzzy weighted average of fuzzy numbers is referred to as fuzzy weighted average (FWA), which is defined as ... Mean rate of each risk factor is according with mean of fuzzy number and are measured as below:
We can consider each risk factor as below: Although this is a pair of non-linear programming (NLP) models, it can be solved using Microsoft Excel Solver or LINGO software package without striking a blowing because their constraints are all linear.
Note that in the case of no normalization that needs to be carried out, the relative closeness 
Application
In a small ship, four systems have been studied. In one of these systems five failures items have been known that these systems are Contamination, Generator fail, Gearbox seizure, Shaft seizure and loss of pressure. For every failure item, three risk factors have been expressed by a team of three experts. Linguistic terms and their fuzzy numbers used for evaluating the risk factors that can be described as follows. Tables 1, 2 and 3 show the linguistic terms and their fuzzy numbers used for evaluating the risk factors. These linguistic terms are perfectly consistent with those defined by the traditional FMEA, but they are treated as triangular fuzzy numbers in this paper rather than precise numerical values. It is most desirable that the DMs achieve a consensus on these definitions. If they disagree with each other, then average values should be used for the definitions. The three DMs express their opinions on the risk factors of every failure items that results have showed in table 4. Tables 5 show the original assessment information provided by the three DMs, where aggregated fuzzy numbers are obtained by averaging the fuzzy opinions of the three DMs. This matrix has been normalized and shows corresponding ideal and negative ideal solutions for every risk factors too. In Table  6 α-cut of risk factors for item1 have been showed. Table 7 shows the relative importance weights and the rating given by the kth DM. All the NLP models determined by (40) and (41) are implemented in MS-Excel worksheets and are solved using the WinQSB software. The results are presented in Table 9 . The defuzzified values computed by Eq. (45) are which give the ranking of A5 A4 A3 A2 A1, where the symbol means "is superior or preferred to". In evaluation of above result can told, all methods lead to a crisp relative closeness for each alternative. In other words, Crisp relative closeness provides only one possible solution to a fuzzy MCDM problem, but cannot reflect the whole picture of its all possible solutions. Fuzzy TOPSIS method offers a fuzzy relative closeness for each alternative, because the closeness is badly distorted and over exaggerated because of the reason of fuzzy arithmetic operations. So, there is a need to develop an exact fuzzy TOPSIS method for fuzzy MCDM problems. This paper proposes a fuzzy TOPSIS method based on  -level sets and the fuzzy extension principle, which turns out to be a nonlinear programming (NLP) problem and can be solved by MSQSB software. In comparison with other methods, the results are more logical and more close to reality. Since TOPSIS method is applied, the formulas are simple and number of calculations are more less too. http://www.ispacs.com/journals/jsca/2013/jsca-00016/ International Scientific Publications and Consulting Services
Conclusion
FMEA is a very important safety and reliability analysis tool which has been widely used in many areas and industries. In view of its difficulty in acquiring precise assessment information on failure risks such as probability of occurrence, severity and detectability and the difficulty in building a complete fuzzy if-then rule base, this paper proposed a new fuzzy FMEA which allows the risk factors and their relative weights to be evaluated in a linguistic manner rather than in a precise way and a fuzzy RPN rather than a crisp RPN or fuzzy if-then rules to be defined for prioritization of failure modes. The fuzzy RPN was defined as the fuzzy weighted  -level sets and the fuzzy extension principle. The  -level sets of FRPNs are easy to be generated by solving a series of linear programming models. Compared with the traditional RPN and its various fuzzy improvements, the proposed fuzzy FMEA has some advantages
